In agreement with experimental data, we present relevant new results on electronic conduction in crystalline cadmium oxide. In fact, we study the electron drift-mobility in crystalline cadmium oxide, this mobility being a function of the partial pressure of oxygen in the deposition process of CdO. In our calculations, the electron mean free path is involved. This quantity is treated as the expectation value of the electron position.
Introduction
It is well-known that transparent II-VI oxides are significant optical materials with a number of applications. We refer primarily to zinc oxide and cadmium oxide. They are wide (direct) band-gap, n-type, semiconductors which exhibit transparency in the visible region. Other oxides as, for instance, magnesium oxide (with band-gap of around 7.8 eV), are practically insulators and, on the other hand, their optical properties are poor. By contrast, ZnO and CdO are of considerable interest since they have notorious optical and electronic properties. Let us regard, for example, cadmium oxide, which is a II-VI direct-gap semiconductor that exhibits many attractive features giving rise to important applications. The electrical and optical properties of CdO have been studied successfully in refs. [1] [2] [3] [4] . Theoretical-analytical study has been done in ref. [3] . The above material is especially relevant in Nanophysics. Within this context, let us regard, for instance, CdO nanowires which, as other nanostructures, should be treated theoretically by employing efficient analytical methods.
As we have said before, cadmium oxide is transparent in the visible range. In fact, the optical transmittance of this material in the visible region is certainly high and depends on the partial pressure of oxygen which is a key factor in the formation (by evaporation of cadmium) of crystalline CdO. Indeed, we can mention techniques based on metal evaporation [1, 2, 4] , which are applicable to ZnO, CdO and indium-tin oxide (ITO). Besides, we must notice that the partial pressure of oxygen in the deposition process of CdO influences considerably spatial electron density, electrical conductivity, drift mobility, and optical transmittance. In particular, that the electron drift-mobility in CdO is strongly dependent on the partial pressure of oxygen is really notorious. In the following, we will report on the above mobility in crystalline cadmium oxide.
Theory
On the formation of CdO thin films, we have the following reaction:
The formation of thin films of cadmium oxide depends significantly on the partial pressure of oxygen [1, 2, 4] . More precisely, when this pressure is low, the film composition is dominated by excess of cadmium and, as the partial pressure of oxygen increases, then cadmium oxide is formed [4] . It was observed that the electrical conductivity of the CdO films changed with the partial pressure of oxygen [1, 2, 4] . This is due to the existence of Cd and CdO phases [4] . Moreover, we wish to remark that, above the optimum partial pressure of oxygen, the resistivity increases as the oxygen vacancies decrease, which diminish the spatial electron density [4] . The variation of mobility is such that the resistivity decreases [4] . At this point, we wish to remark that investigating the electron drift-mobility in crystalline CdO is the main purpose of the present paper.
We recall that the electron concentration, drift mobility, and electrical conductivity depend on the partial pressure of oxygen [1, 2, 4] . In particular, here we will assume the electron drift-mobility of CdO as a function of the oxygen partial pressure in the deposition process of the material in question (only n-type CdO exists). Especially, we will consider values of pressure (which we will denoted by P ) larger than the optimal partial pressure of oxygen namely ; see ref. [4] , fig.2 ). For the values of the pressure in question (including the optimum partial pressure of oxygen), at which crystalline cadmium oxide is formed (see ref. [4] , fig. 2 , where logarithmic scale is employed), then one sees that the drift-mobility curve   P  is monotonically strictly decreasing so its slope is negative. The mobility in question reads:
where e is the absolute value of the electron charge,   P  is the  P dependent electron relaxation time, and  m is the electron effective mass which, reasonably, is assumed as constant. By relation (3), we emphasize that
We also have:
where   P l and   P D are the electron mean free path and electron diffusion coefficient, respectively.
Another well-known relationship to be used reads:
where k is the Boltzmann constant and T denotes absolute temperature, which here is constant. Looking at formula (5) and considering that it was observed [4] that  depends on P , it is clear that D depends also on P . From this fact, regarding that  is a function of P and expression (4), it follows that l depends on P .
Combining formulas (3), (4) and (5), it follows:
which, replaced into eq.(3), yields:
We emphasize that T is constant. By contrast, the oxygen temperature is variable given that P is also variable so, of course, we can write the ideal-gas equation, namely,
where  is the molar concentration of oxygen (number of moles per unit volume), R is the gas constant, and T is the absolute temperature On the other hand, since   P l is the  P dependent expectation value of the  P dependent electron position, then relationship (7) for a one-dimensional, crystalline, CdO thin film can be written explicitly as follows:
is the cartesian coordinate of the electron position ( 0  x ), and P takes values corresponding to crystalline CdO (see discussion above).
Expression (8) becomes:
where L is the length of the film. , by applying the mean value theorem, there exists a value P such that 2 1 P P P   and we have:
where the derivative is taken on for every value P such that Finally, by combining formulas (9) and (13), we obtain:
From inequality (14) it follows that the corresponding integrand can be zero or taking strictly negative values or taking both strictly positive and strictly negative values so that the absolute value of the sum of strictly negative values can be larger than the sum of strictly positive ones.
Conclusions
We have presented an accurate theoretical-analytical formulation to determine the electron drift-mobility in crystalline CdO. A suitable mathematical procedure has been used. Formulations of this type are urgent because, unfortunately, there is still a notorious lack of knowledge on the subject. Particularly, studying theoretically with success electronic transport in nanostructured II-VI oxides requires powerful and accurate analytical tools. By utilizing mainly theoreticalanalytical techniques to treat problems on charge-carrier transport in both metallic and semiconductor nanowires (let us regard, for instance, ZnO and CdO nanowires) should be desirable.
